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(54) PLASMA PROCESSING SYSTEM 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
high-frequency induction coupling plasma 
processing system which is prevented from 
both deteriorating in power efficiency due to 
a matching parallel coil of a discharge coil 
matching circuit and increasing in 
temperature and capable of improving a 
substrate in plasma density distribution through its surface. 
SOLUTION; A discharge coil 1 is partially or totally made in a multi-spiral form, 
and a space between adjacent conductors 1a which form the center-side 
discharge coil is set wider than that between the other adjacent conductors 1a 
which form the peripheral-side discharge coil. 

CLAIMS 




[Claim(s)] 

[Claim 1] It has a vacuum housing, a substrate electrode, a discharge coil, an RF 
generator, and the matching circuit that was connected to the discharge coil with 



lead wire, and was connected to the RF generator with the interconnection cable. 
While forming a discharge coil at a multiplex eddy form in the plasma treatment 
equipment which is made to generate the plasma and processes the substrate 
on a substrate electrode in a vacuum housing by impressing high-frequency 
voltage to a discharge coil, the part or all Plasma treatment equipment 
characterized by making it larger [ ****** spacing / mutually / the lead wire which 
constitutes the discharge coil by the side of the circumference of a discharge 
coil ] mutually [ the lead wire which constitutes the above-mentioned discharge 
coil by the side of the core of a discharge coil ] than ****** spacing, 
[Claim 2] It has a vacuum housing, a substrate electrode, a discharge coil, an RF 
generator, and the matching circuit that was connected to the discharge coil with 
lead wire, and was connected to the RF generator with the interconnection cable. 
While forming a discharge coif at a multiplex eddy form in the plasma treatment 
equipment which is made to generate the plasma and processes the substrate 
on a substrate electrode in a vacuum housing by impressing high-frequency 
voltage to a discharge coil, the part or all Plasma treatment equipment 
characterized by forming in the three-dimensional structure of a temple bell form. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the plasma treatment equipment 
of a RF inductive-coupling method especially about the plasma treatment 
equipment which can be used for a semi-conductor and the dry etching in a 
thin-film-circuit-fabrication process, sputtering, plasma CVD, etc. 
[0002] 

[Description of the Prior Art] In order to realize processing of a high aspect ratio 
etc. in a dry etching technique in recent years corresponding to detailed-izing of 
a semiconductor device, and in order to realize embedding of a high aspect ratio 
etc. in a plasma-CVD technique, performing plasma treatment by the high 
vacuum more is called for. 

[0003] For example, in the case of dry etching, if the high density plasma is 
generated in a high vacuum, since the probability for ion to collide with a neutral 
radical particle in the ion sheath formed in a substrate front face wil! decrease, 
the ratio of the incidence particle flux of the ion pair neutral radical to which the 



directivity of ion reaches a substrate toward a substrate since a set and 
ionization degree are high becomes large. By generating the high density 
plasma in a high vacuum, an etching anisotropy is raised and it becomes 
processible [ which it is a high aspect ratio ] from this. 

[0004] Moreover, in the case of plasma CVD, if the high density plasma is 
generated in a high vacuum, the embedding and planation of a detailed pattern 
will be obtained according to the sputtering effectiveness by ion, and the 
embedding which is a high aspect ratio will become possible. 
[0005] The configuration of the plasma treatment equipment of the conventional 
common parallel plate mold is explained with reference to drawing 7 . In drawing 

7 , the substrate electrode 4 and counterelectrode 30 which lay a substrate 5 in a 
vacuum housing 3 are arranged, and by impressing high-frequency voltage by 
RF generator 6 for electrodes between these electrodes 4 and 30, it is 
constituted so that the plasma may be generated in a vacuum housing 3. In 
addition, the matching circuit 7 for electrodes is a circuit for making a load 
impedance match with the characteristic impedance of the interconnection cable 

8 for electrodes. 

[0006] By this method, in order that the probability of collision of an electron and 



ion may decrease as a degree of vacuum becomes high, when it is difficult to 
generate the high density plasma in a high vacuum, and sufficient processing 
speed does not tend to be obtained, and high-frequency voltage tends to be 
made high by force and it is going to make a plasma consistency high, it 
becomes large, and etch selectivity will fall or ion energy will give a damage to a 
substrate. 

[0007] The plasma treatment equipment of a RF inductive-coupling method 
made to generate the plasma is in a vacuum housing by impressing 
high-frequency voltage to a discharge coil to this parallel plate type of plasma 
treatment equipment as one of the plasma treatment equipment which can 
generate the high density plasma in a high vacuum. The plasma treatment 
equipment of this method generates a high-frequency field in a vacuum housing, 
if it generates induction field, accelerates an electron, and generates the plasma 
and a coil current is enlarged into a vacuum housing by that high-frequency field, 
can generate the high density plasma also in a high vacuum, and can obtain 
sufficient processing speed. 

[0008] As plasma treatment equipment of a RF inductive-coupling method, a 
plate mold as shown mainly in drawing 8 , and cylindrical, as shown in drawing 9 



are known, in drawing 8 and drawing 9 , 31 is a plate mold discharge coil, 32 is a 
cylindrical discharge coil, and, as for the RF generator for discharge coils, and 
10, 9 is [ the matching circuit for discharge coils and 11 ] the interconnection 
cables for discharge coils. The matching circuit 10 for discharge coils and 
discharge coils 31 and 32 are connected with lead wire 12. In addition, a vacuum 
housing 3, the substrate electrode 4, the substrate 5, RF generator 6 for 
electrodes, the matching circuit 7 for electrodes, and the interconnection cable 8 
for electrodes are the same as that of drawing 7 . 

[0009] In drawing 8 and drawing 9 , if high-frequency voltage is impressed to 
discharge coils 31 and 32 by RF generator 9 for discharge coils, exhausting 
introducing gas suitable in a vacuum housing 3, and maintaining the inside of a 
vacuum housing 3 at a suitable pressure, the plasma occurs in a vacuum 
housing 3 and plasma treatment, such as etching, deposition, and surface 
treatment, can be performed to the substrate 5 laid on the substrate electrode 4. 
At this time, the ion energy which reaches a substrate 5 is controllable by 
impressing high-frequency voltage also to the substrate electrode 4 by RF 
generator 6 for electrodes to be shown in drawing 8 and drawing 9 ( 
[0010] 



[Problem(s) to be Solved by the Invention] However, by the conventional method 
shown in drawing 8 and drawing 9 , there is a problem power efficiency not only 
declines, but that the power loss in the matching circuit 10 for discharge coils 
may be large, and the temperature rise of the matching circuit 10 for discharge 
coils may arise. 

[001 1] When it explains in detail below, drawing 10 is the circuit diagram of the 
typical matching circuit 10 for discharge coils. As for an input terminal, and 14 
and 15, 13 is [ a variable capacitor and 16 ] the series coils for matching. It can 
respond to fine fluctuation of load impedance by carrying out feedback control of 
the capacity of variable capacitors 14 and 15. It is necessary to change the 
number of turns of the series coil 1 6 for matching depending on the magnitude of 
a load impedance, to remove the series coil 16 for matching, or to insert a fixed 
capacitor 17 or 18. In addition, 19 is an output terminal. 

[0012] Drawing 11 is a Smith chart and a shadow area shows the adjustment 
range of the matching circuit 10 for discharge coils shown in drawing 10 . 
Although the adjustment range shown in drawing 11 with a natural thing by the 
constant of each component in the matching circuit 10 for discharge coils aiso 
changes, the case where it is typical here is illustrated. In the complex 



representation of a discharge coil 31 or the impedance of 32, the discharge coil 
31 in case the imaginary part is 5 times the characteristic impedance of the 
interconnection cable 1 1 for discharge coils, or the impedance of 32 is shown in 
Curve A. Drawing 11 shows that most curves A have separated from the 
adjustment range. 

[0013] Then, in the matching circuit 10 for discharge coils, as shown in drawing 
12 , there are some which connected the juxtaposition coil 20 for matching with 
the same impedance as a discharge coil 31 or the imaginary part in the complex 
representation of the impedance of 32, and since the imaginary component will 
be the 2.5 times one half of Curve A, i.e., the characteristic impedance of the 
interconnection cable 11 for discharge coils, the impedance which saw the load 
side from the load side edge child of a variable capacitor 15 in that case is 
expressed with the curve B of drawing 1 1 . Usually, since the real component of 
a discharge coil 31 or the impedance of 32 is very small and a part of curve B (a 
real component is the range of 1.3 or less times [ of the characteristic impedance 
of the interconnection cable 11 for discharge coils ] most) is in adjustment within 
the limits, it turns out that matching can be taken now by using the juxtaposition 
coil 20 for matching. 



[0014] Although the above explanation described the case where the impedance 
of the juxtaposition coil 20 for matching was the same as a discharge coil 31 or 
the impedance of 32, matching cannot be taken unless it makes quite small the 
impedance of the juxtaposition coil 20 for matching, when a discharge coil 31 or 
the impedance of 32 is large. Moreover, since the margin to matching becomes 
larger as the imaginary component of the impedance which saw the load side 
from the load side edge child of a variable capacitor 15 is small even if a 
discharge coil 31 or the impedance of 32 is not so large, I want to make small the 
impedance of the juxtaposition coil 20 for matching as much as possible, in such 
a case, in circuit since the juxtaposition coil 20 for matching and discharge coils 
31 or 32 are connected to juxtaposition, a big current will flow with the 
juxtaposition coil 20 for matching rather than a discharge coil 31 or 32. Therefore, 
even if the real component of the impedance of the juxtaposition coil 20 for 
matching is a value small [ even if], while it becomes impossible to disregard the 
power loss of a there, power efficiency declines. And since this power loss is 
equivalent to the calorific value of the juxtaposition coil 20 for matching, it will 
cause the temperature rise in the matching circuit 10 for discharge coils. 
[0015] Moreover, if it is going to generate the plasma with the sufficient 



homogeneity within a substrate side in a vacuum housing 3 in the case of plate 
mold RF inductive-coupling method plasma treatment equipment, the discharge 
coil 31 of the magnitude same at least as the magnitude of a substrate 5 is 
required. As a configuration of a discharge coil 31, an one-volume coil as shown 
in drawing 13 can be considered. Generally, since the inductance of a coil 
becomes so large that the diameter of a coil is large, when a substrate 5 is large, 
the inductance of a discharge coil 31 also cannot but become large after all. 
Furthermore, if it is going to improve the homogeneity within a substrate side, as 
for the configuration of a discharge coil 31 , it is desirable to make it an eddy form 
coil as shown in drawing 14 . If an eddy form coil is compared with an 
one-volume coil and the diameter of the outermost of a discharge coil 31 is 
comparable, naturally the eddy form coil of an inductance is larger. The 
inductance of the discharge coil 31 of an eddy form with which the homogeneity 
of the plasma consistency which ends into the diameter of 150mm becomes less 
than 3% in our measurement was 1.1 microhenries in some discharge 
conditions. When the frequency of RF generator 9 for discharge coils is 
13.56MHz, since the imaginary component of the impedance of a discharge coil 
31 is 94ohms, it serves as 50-ohm 2 double weakness which is the general 



value of the characteristic impedance of the interconnection cable 11 for 
discharge coils, If it is a value of this level, even when he has no juxtaposition 
coil 20 for matching, it is possible to take matching, but as stated previously, 
when the margin to matching is considered, the direction which inserted the 
about 0.5-1 -microhenry coil as a juxtaposition coil 20 for matching is desirable 
from a viewpoint of the margin to matching. 

[0016] By the way, when the frequency of RF generator 9 for discharge coils is 
40MHz, for example, the impedance of the 1.1 above-mentioned microhenries 
discharge coil 31 is set to 276 ohms (=50ohmx5.5), and since the impedance of 
a discharge coil 31 is proportional to a frequency, in order to take matching, the 
juxtaposition coil 20 for matching becomes indispensable. 
[0017] Moreover, when a substrate 5 is large, or when you want to carry out 
batch processing, in order to make a large area generate the uniform plasma, 
even if it is naturally necessary to enlarge a discharge coil 31 and the frequency 
of RF generator 9 for coils is 13.56MHz, the impedance of a discharge coil 31 
may be set to hundreds of ohms. In order to take matching also in this case, the 
juxtaposition coil 20 for matching becomes indispensable. 
[0018] Then, as a configuration of the discharge coil which can make a large 



area generate the uniform plasma, and can make the impedance of a discharge 
coil 31 small, as shown in drawing 15 , how to carry out parallel connection of 
two or more eddy form coils can be considered. However, if it is made such a 
discharge coil configuration, since a part of high-frequency field which a ****** 
coil comrade makes will offset each other, the problem that sufficient plasma 
consistency cannot be obtained is produced. Although the total inductance of a 
discharge coil was set to 0.51 microhenries and it has decreased to 59% when 
the four same eddy form coils were used by parallel connection as compared 
with the case where one of the 1 .3-microhenry eddy form coils is used according 
to our measurement, the plasma consistency has fallen to 11%. 
[0019] Since the screw type discharge coil 32 is arranged on the outside of a 
vacuum housing 3 in the case of cylindrical RF inductive-coupling method 
plasma treatment equipment, the screw type discharge coil 32 of the magnitude 
same at least as the appearance of a vacuum housing 3 will be used. Therefore, 
generally compared with piate mold RF inductive-coupting method plasma 
treatment equipment, the inductance of a discharge coil 32 becomes large. 
Therefore, in order to take matching, the juxtaposition coil 20 for matching is 
needed in many cases for the margin reservation to matching. In our 



measurement, when a cylindrical diameter was 300mm, the inductance of the 
screw type discharge coil 2 was 1.8 microhenries (= 150 ohms, 13.56MHz). 
[0020] The juxtaposition coil 20 for matching is needed for the discharge coil 31 
for enlargement of processing area, and high-frequency-izing of an impression 
frequency, . inductance buildup of 32, or amplification-izing of the margin to 
matching so that the above explanation may show, but if the juxtaposition coil 20 
for matching is used, when especially the imaginary component of the 
impedance is small, while power loss arises inevitably, power efficiency will 
decline there. And since this power loss was equivalent to the calorific value of 
the juxtaposition coil 20 for matching, it had the problem that the temperature 
rise in the matching circuit 10 for discharge coils would be caused. 
[0021] In view of the above-mentioned conventional trouble, a coil especially 
with the small imaginary component of an impedance does not need to be used 
for this invention as a juxtaposition coil for matching, it does not need the 
juxtaposition coil for matching, therefore its decline in power efficiency is small, 
and the temperature rise of the matching circuit for discharge coils aims at 
offering small inductive-coupling method plasma treatment equipment. 
[0022] 



[Means for Solving the Problem] The plasma treatment equipment of the 1st 
invention of this application A vacuum housing, a substrate electrode, and a 
discharge coil, It has an RF generator and the matching circuit which was 
connected to the discharge coil with lead wire, and was connected to the RF 
generator with the interconnection cable. While forming a discharge coil at a 
multiplex eddy form in the plasma treatment equipment which is made to 
generate the plasma and processes the substrate on a substrate electrode in a 
vacuum housing by impressing high-frequency voltage to a discharge coil, the 
part or all It is characterized by making it larger [ ****** spacing / mutually / the 
lead wire which constitutes the discharge coil of the periphery of a discharge 
coil ] mutually [ the lead wire which constitutes the above-mentioned discharge 
coil by the side of the core of a discharge coil ] than ****** spacing. 
[0023] The plasma treatment equipment of the 2nd invention of this application A 
vacuum housing, a substrate electrode, and a discharge coil, It has an RF 
generator and the matching circuit which was connected to the discharge coil 
with lead wire, and was connected to the RF generator with the interconnection 
cable. In the plasma treatment equipment which is made to generate the plasma 
in a vacuum housing by impressing high-frequency voltage to a discharge coil, 



and processes the substrate on a substrate electrode, it is characterized by 
forming a discharge coif in the three-dimensional structure of a temple bell form, 
while forming the part or all at the multiplex eddy form. 

[0024] According to the 1st invention of this application, since some or all of a 
discharge coil is a multiplex eddy form, the impedance of a discharge coil can be 
made small, and matching can be taken even if it, as a result, does not use the 
juxtaposition coil for matching especially with the small imaginary component of 
an impedance. Moreover, since according to the 1st invention of this application 
****** S p aC j n g j s mutually [ the lead wire which constitutes the discharge coil by 
the side of the circumference of a discharge coil ] larger than ****** spacing 
mutually [ the lead wire which constitutes the above-mentioned discharge coil by 
the side of the core of a discharge coil ] and it is making, the distribution within 
the substrate side of a plasma consistency can be raised remarkably. Therefore, 
according to the 1st invention of this application, decline in power efficiency is 
small, and the distribution within the substrate side of a plasma consistency is 
good, and can offer inductive-coupling method plasma treatment equipment with 
the small temperature rise of the matching circuit for discharge coils. 
[0025] According to the 2nd invention of this application, since some or all of a 



discharge coil is a multiplex eddy form y the impedance of a discharge coil can be 
made small, and matching can be taken even if it, as a result, does not use the 
juxtaposition coil for matching especially with the small imaginary component of 
an impedance. Moreover, the uniform plasma can be generated, being able to 
store the outer diameter of a discharge coil within fixed limits, since said 
discharge coil is formed in the three-dimensional structure of a temple bell form 
according to the 2nd invention of this application. Therefore, according to the 
2nd invention of this application, though decline in power efficiency is small and 
the outer diameter of a discharge coil is srnallness, the homogeneity of a plasma 
generating consistency is good and can offer inductive-coupling method plasma 
treatment equipment with the small temperature rise of the matching circuit for 
discharge coils. 
[0026] 

[Embodiment of the Invention] Hereafter, the plasma treatment equipment of the 
1st operation gestalt is explained with reference to drawing 1 and drawing 8 . In 
addition, the whole plasma treatment equipment configuration is the same as 
that of what was explained with reference to drawing 8 about the conventional 
example, uses the explanation and omits explanation here. 



[0027] With this operation gestalt, instead of the discharge coil 31 of drawing 8 , 
as shown in drawing 1 , the discharge coil 1 of multiplex eddy type is used. This 
discharge coil 1 combines discharge coil (lead wire) 1a of four eddy type with 
one in a core, and arranges it at equal intervals to a hoop direction, a core is 
connected to RF generator 9, and the periphery edge is grounded, respectively. 
[0028] Thus, in the constituted ptasma treatment equipment, both the 
frequencies of argon flow rate 30SCCM, pressure 10mTorr, RF generator 9 for 
discharge coils, and RF generator 6 for substrate electrodes were 51 ohms of 1.5 
ohm+j, when the impedance of the discharge coil 1 in case 13.56MHz and 
charge power are 1000W and 300W, respectively was measured, In addition, 
since the thing with a characteristic impedance of 50 ohms was used for the 
interconnection cable 1 1 for discharge coils, its imaginary component of the 
impedance of a discharge coil 1 is almost equal to the characteristic impedance 
of the interconnection cable 11 for discharge coils. Therefore, even if it does not 
use the juxtaposition coil 20 for matching so that clearly from the Smith chart of 
drawing 11 , matching can be taken, and moreover, the margin to sufficient 
matching can be secured. Moreover, the homogeneity within a field of a plasma 
consistency was also as practically equal as the case of the plate mold 



discharge coil 31 ( drawing 14 ) shown in the conventional example also as a 
plasma consistency by 3% or less in the diameter of 150mm. By the case of the 
plate mold discharge coil 31 shown in the conventional example, since the 
imaginary component of the impedance of a discharge coil was 94ohms, while 
the equivalent plasma was acquired as compared with the conventional example, 
it is able to stop the imaginary component of the impedance of a discharge coil 
to 54% with this operation gestalt 

[0029] Moreover, when experimented by changing the frequency of RF 
generator 9 for discharge coils into 40MHz, in the case of the conventional eddy 
form discharge coil 31 , matching was not able to be taken without the 
juxtaposition coil 20 for matching, but in the multiplex eddy type discharge coil 1, 
since the imaginary component of the impedance was 150ohms (=50ohmx3), it 
was able to take matching, without using the juxtaposition coil 20 for matching. 
In order to secure the margin to larger matching, the juxtaposition coil 20 for 
matching may be used, but since it was [ direction ] far large, and the impedance 
of the juxtaposition coil 20 for matching which is needed for comparable margin 
reservation used the multiplex eddy type discharge coil 1 and ends, its power 
loss in the juxtaposition coil 20 for matching is also far small, and it ends. In 



addition, since it is the case where a power line period is 67MHz, if a margin is 
disregarded, to the frequency of about 60MHz or less, matching in those without 
juxtaposition coil 20 for matching is possible for the imaginary component of the 
impedance of the multiplex eddy type discharge coil 1 being set to 250 ohms 
(=50ohmx5) at the multiplex eddy type discharge coil 1 of drawing 1 . 
[0030] At drawing 1 , it is the core AO of a discharge coil. The lead wire 
(discharge coil 1a) and the intersection A1 when the straight line along which it 
passes constitutes a discharge coil 1 , A2, A3, An It crosses and is a core AO. 
Intersection A1 The intersection A1 of others [ spacing / of a between L A2, 
A3, An It is larger than any of spacing of a between. Thus, if constituted, 
compared with the case where that is not right, the distribution within the 
substrate side of a plasma consistency can be raised remarkably. That is, 
mutually [ the lead wire which constitutes the discharge coil by the side of the 
circumference of a discharge coil ], in order to attain such effectiveness, ****** 
spacing constitutes mutually [ the lead wire which constitutes the 
above-mentioned discharge coil by the side of the core of a discharge coil ] so 
that more greatly than ****** spacing, 

[0031] Next, the plasma treatment equipment of the 2nd operation gestalt is 



explained with reference to drawing 2 and drawing 9 . In addition, the whole 
plasma treatment equipment configuration is the same as that of what was 
explained with reference to drawing 9 about the conventional example, uses the 
explanation and omits explanation here. 

[0032] With this operation gestalt, instead of the discharge coil 32 of drawing 9 , 
as shown in drawing 2 , the discharge coil 2 of a multiplex screw type is used. 
This discharge coil 2 arranges discharge coil 2a of four screw types at equal 
intervals to a hoop direction, those ends are connected to toroidal coil 2b and 2c, 
one toroidal coil 2b is connected to RF generator 9, and toroidal coil 2c of 
another side is grounded. 

[0033] Thus, in the constituted plasma treatment equipment, both the 
frequencies of argon flow rate 30SCCM, pressure lOmTorr, RF generator 9 for 
discharge coils, and RF generator 6 for substrate electrodes were 79ohms of 1.8 
ohm+j, when the impedance of the discharge coil 2 in case 13,56MHz and 
charge power are 1000W and 300W, respectively was measured. In addition, 
since the thing with a characteristic impedance of 50 ohms was used for the 
interconnection cable 1 1 for discharge coils, the imaginary component of the 
impedance of a discharge coil 2 is 1.6 times the characteristic impedance of the 



interconnection cable 11 for discharge coils. Therefore, even if it does not use 
the juxtaposition coil 20 for matching so that clearly from the Smith chart of 
drawing 11 , matching can be taken, and moreover, the margin to sufficient 
matching can be secured. It was as practically equal as the case of the 
cylindrical discharge coil 32 shown in the conventional example also as a 
plasma consistency. By the case of the cylindrical discharge coil 32 shown in the 
conventional example, since the imaginary component of the impedance of a 
discharge coil was 150ohms, while the equivalent plasma was acquired as 
compared with the conventional example, it is able to stop the imaginary 
component of the impedance of a discharge coil to 53% with this operation 
gestalt. 

[0034] Moreover, when experimented by changing the frequency of RF 
generator 9 for discharge coils into 27MHz, in the case of the conventional 
cylindrical discharge coil 32, matching was not able to be taken without the 
juxtaposition coil 20 for matching, but in the multiplex screw type discharge coil 2 } 
since the imaginary component of the impedance was 158ohms (-50ohmx3.2), 
it was able to take matching, without using the juxtaposition coil 20 for matching. 
In order to secure the margin to larger matching, the juxtaposition coil 20 for 



matching may be used, but since it was [ direction ] far large, and the impedance 
of the juxtaposition coif 20 for matching which is needed for comparable margin 
reservation used the multiplex screw type discharge coil 2 and ends, its power 
loss in the juxtaposition coil 20 for matching is also far small, and it ends. In 
addition, since it is the case where a power line period is 43MHz, if a margin is 
disregarded, to the frequency of about 40MHz or less, matching in those without 
juxtaposition coil 20 for matching is possible for the imaginary component of the 
impedance of the multiplex screw type discharge coil 2 being set to 250 ohms 
(=50ohmx5) at the multiplex screw type discharge coil 2 of drawing 2 . 
[0035] In each above-mentioned operation gestalt, the configuration of a 
discharge coil is not limited to these. For example, the multiplicity of an eddy 
form coil and a screw type coil may not be 4 7 and even if it is how many [-fold ], it 
is not cared about Since the impedance of a discharge corf is made small, the 
response to a bigger processing area and the response of it to a higher power 
line period are attained, so that a multiplicity is high. Moreover, it does not 
necessarily need to be all discharge coils that a discharge coil is a screw type a 
multiplex eddy form or multiplex. Some discharge coils as shown in drawing 3 , 
drawing 4 , drawing 5 , and drawing 6 may be screw types a multiplex eddy form 



or multiplex, 

[0036] In the example of drawing 3 , a core consists of multiplex eddy type coils 
1, the outer edge of each eddy form coil 1a is connected to toroidal coil 1b, and 
the usual eddy form coil 1c is connected to the outside. The periphery section is 
constituted from the example of drawing 4 by the multiplex eddy type coil 1, the 
inner circumference edge of each eddy form coil 1a is connected to 1d of toroidal 
coils, and the usual eddy form coil 1e is connected to the inside, 
[0037] In the example of drawing 5 , the usual screw type coil 2d is connected to 
the lower part of the multiplex screw type coil 2. In the example of drawing 6 , the 
usual screw type coils 2d and 2e are connected to both the upper part of the 
multiplex screw type coil 2, and the lower part. 

[0038] It is a core AO so that the include angle of 90 degrees may be mutually 
made for the edge by the side of the core of four lead wire 1a, 1a of an eddy 
form of the same configuration in the discharge coil 1 of drawing 1 , Although it 
connects and the discharge coil 1 has been applicable to the core, it does not 
restrict to this configuration. That is, you may make it, connect the lead wire 
101a, 101b, 101c, and 101d with a different configuration of an eddy form for 
example, at the core of a discharge coil 101, as shown in drawing 16 . 



[0039] Moreover, you may make it connect mutually the edge by the side of a 
lead wire [ 102a 102b, 102c, and 102d ] core at an angle of arbitration at the core 
of a discharge coil 102, as shown in drawing 17 . These discharge coils 101 and 
102 are unsymmetrical to the core. Furthermore, you may make it constitute the 
discharge coil 103 formed in the multiplex eddy form in the three-dimensional 
structure of a temple bell form, as shown in drawing 18 and drawing 19 . Thus, 
the effectiveness that the uniform plasma can be generated is also produced, 
being able to store the outer diameter of a discharge coil 103 within fixed limits 
by constituting. 

[0040] Moreover, in this invention, the number of the lead wire of a discharge coif 
is not limited to four, and is good as for two. Moreover, what [ not only ] grounds 
the periphery edge of a discharge coil but a main edge may be grounded, 
[0041] 

[Effect of the Invention] According to the plasma treatment equipment of the 1st 
invention of this application, decline in power efficiency is small, and the 
distribution within the substrate side of a plasma consistency is good, and can 
offer inductive-coupling method plasma treatment equipment with the small 
temperature rise of the matching circuit for discharge coils. 



[0042] Moreover, according to the plasma treatment equipment of the 2nd 
invention of this application, though decline in power efficiency is small and the 
outer diameter of a discharge coil is smailness, the homogeneity of a plasma 
generating consistency is good and can offer inductive-coupling method plasma 
treatment equipment with the small temperature rise of the matching circuit for 
discharge coils. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing the discharge coil configuration of the 
plasma treatment equipment in the 1st operation gestalt 

[Drawing 2] It is the perspective view showing the discharge coil configuration of 

the plasma treatment equipment in the 2nd operation gestalt 

[Drawing 3] It is the top view showing the discharge coil configuration of other 

gestalten. 

[Drawing 4] It is the top view showing the discharge coil configuration of still 



more nearly another gestalt. 

[Drawing 5] It is the perspective view showing the discharge coil configuration of 
still more nearly another gestalt, 

[Drawing 6] It is the perspective view showing the discharge coil configuration of 
still more nearly another gestalt. 

[Drawing 7] It is the block diagram of the plasma treatment equipment of the 
parallel plate mold of the conventional example. 

[Drawing 8] It is the block diagram of the plate mold RF inductive-coupling 

method plasma treatment equipment of the conventional example. 

[Drawing 9] It is the block diagram of the cylindrical RF inductive-coupling 

method plasma treatment equipment of the conventional example. 

[Drawing 10] It is the block diagram of the typical matching circuit for discharge 

coils. 

[Drawing 11] It is the Smith chart which shows the adjustment range of the 
matching circuit of drawing 10 - 

[Drawing 12] It is the block diagram of the matching circuit for discharge coils 
using the juxtaposition coil for matching. 

[Drawing 13] It is the top view showing the detail of the discharge coil of the 



conventional example. 

[Drawing 14] It is the top view showing the detail of the discharge coil of other 
conventional examples. 

[Drawing 15] It is the top view showing the detail of the discharge coil of still 
more nearly another conventional example. 

[Drawing 16] It is the top view showing the discharge coil configuration of the 
plasma treatment equipment in other operation gestalten of this invention. 
[Drawing 17] It is the top view showing the discharge coil configuration of the 
plasma treatment equipment in other operation gestalten. 
[Drawing 18] It is the perspective view showing the plasma treatment equipment 
in other operation gestalten. 

[Drawing 19] It is the side elevation of the discharge coil of the plasma treatment 
equipment of drawing 18 . 
[Description of Notations] 

1,101,102,103 Discharge coil of multiplex eddy type 
1a Lead wire 

3 Vacuum Housing 

4 Substrate Electrode 



5 Substrate 

9 RF Generator for Discharge Coils 

10 Matching Circuit for Discharge Coils 

11 Interconnection Cable for Discharge Coils 

12 Lead Wire 

20 Juxtaposition Coil for Matching 
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